Abstract Adverse health effects of synthetic anti-oxidants have necessitated the use of natural anti-oxidants in food products. However, their incorporation may result into undesirable changes in physico-chemical and sensory attributes of the product. Hence, the present investigation was undertaken to prepare anti-oxidant rich ghee using curcumin (yellow pigment found in turmeric) as the natural anti-oxidant. Effects of varying curcumin levels (160-350 ppm), heating temperature (110-120°C) and duration (16-22 min) on anti-oxidant, chemical and sensory attributes of ghee were studied. Increasing level of curcumin significantly increased the DPPH free radical scavenging activity and decreased the amount of conjugated dienes formation. Increasing heating time and temperature significantly decreased the anti-oxidant activity in ghee, but their combination significantly increased the activity. Increase in curcumin level and heating temperature improved the sensory attributes of ghee, but longer duration of heating decreased the same. Optimization using Central Composite Rotatable Design yielded 350 ppm of curcumin and heat treatment of 115°C for 17.89 min for most acceptable, anti-oxidant rich ghee with a desirability value of 0.966. The model developed was found to predict the product characteristics adequately.
Introduction
Milk and dairy products represent one of the main diets of Indian people. Among them, ghee is the second largest consumed dairy product after liquid milk in India (Bandyopadhyay and Khamrui 2007) . Oxidative deterioration has been recognized as one of the major factors that limit the shelf life of fatty food like ghee resulting in the decrease in consumer acceptability by changing its organoleptic properties, destroying essential nutrients and producing toxic free radicals (Patel et al. 2013) . The onset of oxidative rancidity in ghee is mainly due to the oxidation of unsaturated glycerides leading to the development of peroxides (Muir 1996) . Scientific evidences revealed that the excessive intake of free radicals due to lipid oxidation may enhance aging (Calabrese and Maines 2006) and cause diseases e.g., cancer (Mantovani et al. 2003) , atherosclerosis (Siekmeier et al. 2007) , stroke (Spence 2006) , rheumatoid arthritis (Firuzi et al. 2006) , neurodegeneration (Droge and Schipper 2007) , and diabetes (Rahimi et al. 2005) .
Antioxidants significantly inhibit or delay oxidative processes of lipids in foods by getting oxidized (Thorat et al. 2013) . Antioxidants have been widely used in the food industries to prevent oxidative degradation (Vaya and Aviram 1999) . Synthetic antioxidants such as butylated hydroxyanisole (BHA), propyl gallate and tertiary butyl hydroquinone (TBHQ) are often used in ghee to prevent oxidative deterioration (Pawar et al. 2012 ). However, scientific studies have shown that application of synthetic antioxidants in foods may cause liver damage and cancer (Yeh et al. 2011) . It is, therefore necessary to explore the possibility of using naturally occurring antioxidants to safeguard the health of the consumer from prolonging ingestion of chemical antioxidants (Prasad et al. 2017 ).
One such natural antioxidant is curcumin (diferuloylmethane), a fat-soluble bioactive, yellow pigment present in Indian spice turmeric (Curcuma longa L.), known for its numerous functional attributes e.g., anti-inflammatory, anti-oxidant, hypotensive, hypocholesteremic, antidiabetic, anti-bacterial, anti-viral, etc. (Naik et al. 2010) .
Monitoring diene conjugation emerged as a useful technique for the study of lipid oxidation (Antolovich et al. 2002) . Conjugated dienes are typically produced during the formation of hydroperoxides from unsaturated fatty acids due to the rearrangement of the double bonds, show an intense absorption at 232 nm and reflects the formation of primary oxidation products in fats and oils (Patel et al. 2013 ). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity is a rapid, simple, eminent method to measure the antioxidant capacity of food (Prasad et al. 2018) . DPPH is widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors and to evaluate antioxidant activity of foods. It helps to understand the functional attributes of foods, by measuring its total antioxidant capacity (Prasad et al. 2017) .
Turmeric has been used in Ayurvedic medicine system for numerous biological attributes like antiinflammatory, antioxidant, anticarcinogenic, antimutagenic, anticoagulant, antidiabetic, antibacterial, antifungal, antiprotozoal, antiviral, hypotensive, hypocholesteremic etc. However, no information is available concerning the application of curcumin, the natural pigment found in turmeric as natural antioxidants in ghee for preventing auto-oxidation and prolonging its shelf life. Thus, the present study was conducted with the objectives of preparing curcumin fortified buffalo ghee and to evaluate the effect of process variables i.e., curcumin content, heat clarification temperature and duration of heat clarification on overall acceptability, the extent of oxidative changes such as conjugated dienes and radical scavenging activity by DPPH method using RSM.
Materials and methods

Raw materials
Buffalo milk procured from Experimental Dairy (ICARNational Dairy Research Institute, Karnal, Haryana, India), was used for the manufacture of curcumin fortified ghee during this investigation. Curcumin (97% w/w) was procured from M/S Hi-Media Chemicals Pvt. Ltd., A-516, Swastik Disha Business Park, Vadhani Industrial Estate, L.B.S. Marg, Mumbai-400 086, India.
Preparation of curcumin fortified buffalo ghee
Ghee was prepared using the method prescribed by Aneja et al. (2002) with minor modifications. While butter from fermented buffalo cream was melted properly by heating to 65°C and curcumin was added according to the RSM run being conducted followed by heat clarification for converting into ghee. Curcumin content, heat clarification time and temperature were optimized through RSM.
Sensory evaluation
Samples obtained during the course of investigation were analyzed by trained panellists from the scientific faculty of NDRI, Karnal using the scorecard prescribed by Bureau of Indian Standards (BIS 1976) .
Anti-oxidative activity
Conjugated dienes were determined following AOAC (1971) (method 930.27) method and the results are represented as values at 233 nm (wavelength) absorbance. Free radical (DPPH) scavenging activity was evaluated using the method prescribed by Espin et al. (2000) .
Experimental design
A three-factor five level Central Composite Rotatable Design (CCRD) of response surface methodology (RSM) was employed using the quadratic model to set up the experimental design. Development of curcumin fortified buffalo ghee involved three independent variables i.e., curcumin content (160-350 ppm), heating temperature (110-120°C) and heating duration (16-22 min) designated as three factors together with interactions with them. The range of these variables was decided based on literature review for functional attributes of curcumin (EFSA 2010) . A total of 20 experiments (runs) were carried out in randomized order that included 8 factorial, 6 axial and 6 central points (Table 1) . It was assumed that the response (y) is a function of the experimental factors (A, B, C) or y = f (A, B, C). A second order polynomial equation was fitted to the experimental data for predicting the optimal point and to describe each response. The quadratic model for three variable experiments can be expressed as follow:
where y is the measured response variable; b 0 is the intercept; b 1 , b 2 , b 3 are the first-order coefficients, b 12 , b 13 , b 23 are the interactions (cross product) coefficients; and b 11 , b 22 , b 33 are the second order coefficients; and e is random error. The adequacy of model was tested using F-value and coefficient of determination (R 2 ) (Henika 1982) . The 'Lack of fit test' was used to compare the residual error from replicated design points. The model with significant lack of fit was selected as suggested by Lee et al. (2000) . For each response, analysis of variance (ANOVA) was conducted to determine significant differences among various ingredient combinations. While optimization, conjugated diene value was minimized whereas, overall acceptability and radical-scavenging activity were maximized in order to obtain the most desirable optimized condition for process variables.
Results and discussion
The three factor, five-level experimental design matrix of CCRD with actual values of the factors with corresponding values of responses (overall acceptability, conjugated dienes and radical scavenging activity) of curcumin fortified ghee is shown in Table 2 . ANOVA and model statistics of overall acceptability, conjugated dienes and radical scavenging activity of curcumin fortified buffalo ghee are presented in Table 3 . Further, the optimization of variable levels was achieved by desirable minimization or maximization of the necessary response along the fitted quadratic models by numerical optimization procedure of Design Expert software. The effect of change in the levels of selected process variables on the response parameters i.e., overall acceptability, conjugated dienes and radical scavenging activity are represented in Figs. 1 and 2.
Effect of selected process variables on overall acceptability of curcumin fortified buffalo ghee
The acceptability of any product and its market potential is greatly attributed to the sensory profile of the product. Usually, good quality buffalo ghee should have white or without a yellowish or greenish tinge with a pleasant enjoyable flavour that lingers on the mouth and possesses medium to large size grains that uniformly distributed throughout the product (Khamrui et al. 2016) . The overall acceptability score of curcumin fortified ghee varied between 74.0 and 87.7. The minimum overall acceptability was obtained from the curcumin fortified buffalo ghee sample prepared using the combination with 255 ppm curcumin, heated at 106.59°C for 19 min whereas, the maximum value was obtained for the combination 414.77 ppm curcumin, heated at 115°C for 19 min. The partial coefficient of regression presented in Table 2 showed that at linear level, curcumin content had significant (p B 0.01) positive effect on overall acceptability scores of curcumin fortified buffalo ghee, implying that increasing level of curcumin content showed an increase in overall acceptability score (Fig. 1) . Ghee prepared at a relatively higher clarification temperature possessed higher levels of low molecular flavour producing ketones than ghee prepared at a lower temperature (Jain et al. 1971 ). Thus, the overall acceptability score of curcumin fortified buffalo ghee samples was also increased significantly (p B 0.05) with increasing heating temperature at linear level up to 120°C (Table 2 ). This is in agreement with the findings of Ganguli and Jain (1972) , who reported that ghee clarified at a lower temperature (110°C) produced 'curdy' flavoured ghee which consequently reducing the overall acceptability score of the product. Whereas, the reverse trend was observed in case of the duration of heating which showed significant (p B 0.05) negative effect on overall acceptability score as long duration used for clarification produced burnt flavour as well as loss of volatile flavour ketones which eventually decreased the score.
The significant (p B 0.05) positive coefficient of interaction between curcumin content and heating temperature suggested an increase in overall acceptability score of curcumin fortified buffalo ghee with an increase in curcumin content. The observed effect was greater at higher levels of heating temperature and smaller at lower levels (Fig. 1a) . The significant (p B 0.01) negative coefficient of interaction between curcumin content and heating temperature suggested that the overall acceptability score of curcumin fortified buffalo ghee increased with increasing level of curcumin content at shorter heating duration. However, the scores decreased with increasing level of curcumin content, when heated for a longer duration of time (Fig. 1c) .
The significant (p \ 0.01) positive quadratic terms of curcumin content indicated that higher overall acceptability scores were obtained at higher and lower levels of curcumin content, producing a response surface graph that was convex downward. Opposite (p \ 0.01) trend was found for quadratic terms of heating temperature and heating duration on overall acceptability scores of curcumin fortified buffalo ghee. Effect of various process variables on the overall acceptability of curcumin fortified buffalo ghee could be predicted by the Eq. (1), having a R 2 of 0.946 revealed that more than 94% of the variability in overall acceptability of curcumin fortified buffalo ghee could be explained by the model. 
Effect of selected process variables on conjugated dienes value of curcumin fortified buffalo ghee
Monitoring diene conjugation has emerged as a useful technique for the study of lipid oxidation (Antolovich et al. 2002) . The conjugated dienes value of curcumin fortified buffalo ghee samples varied from 0.342 and 0.687 (Table 2 ). The minimum conjugated dienes value was obtained from the curcumin fortified buffalo ghee sample prepared in the combinations with 414.77 ppm curcumin, heating at 115°C for 19 min whereas, the maximum value was obtained for the combinations with 95.23 ppm curcumin, heating at 115°C for 19 min. The partial coefficient of regression model presented in Table 3 indicated that curcumin content had significant (p B 0.01) negative effect on conjugated dienes value of curcumin fortified buffalo ghee which revealed that increasing level of curcumin content shows a lower conjugated dienes value at the linear level. Conjugated dienes are typically produced during the formation of hydroperoxides from unsaturated fatty acids due to the rearrangement of the double bonds and reflect the formation of primary oxidation products in fats and oils. This provides an important parameter for evaluation of oxidation level. In addition, the inhibition of formation or action of these unstable species by antioxidants can be used as a means of assessing antioxidant activity. Expectedly, conjugated dienes value of curcumin fortified buffalo ghee samples was also increased significantly (p B 0.05) with increasing temperature as well as the duration of heating levels presented in Table 3 . With an increase in temperature and exposure time of heating, ghee containing methylene interrupted dienes show a shift in their double bond position during oxidation as a result of isomerization and conjugate formation which eventually increase the absorption at 232 nm. Mahmoud et al. (2009) reported that the content of conjugated dienoic bonds was shown increased gradually with the increase in the microwave and conventional heating time for extra virgin and refined olive oils. Zuta et al. (2007) also reported that the diene conjugation was increased in mackerel oil with increasing temperature from -40 to 30°C. In addition to this, the authors also found that increasing concentration of antioxidant like a-tocopherol decreased conjugated diene (CD) value of mackerel oil. The significant (p B 0.01) negative coefficient of interaction between curcumin content and heating temperature suggested that decrease in conjugated dienes value of curcumin fortified buffalo ghee was observed with increasing level of curcumin content at lower heating temperatures (Fig. 2a) . The significant (p B 0.01) positive quadratic term of curcumin content revealed that higher conjugated dienes value was obtained at higher and Fig. 1 Response surface graphs for overall acceptability (OA) of curcumin fortified buffalo ghee influenced by the level of curcumin content, heating temperature and duration of heating lower levels of curcumin addition. Similar trend was obtained in case of heating temperature as well as the duration of heating on conjugated dienes value of curcumin fortified buffalo ghee. The conjugated dienes value of curcumin fortified buffalo ghee could be predicted by the Eq. (2) having R 2 of 0.998 (for actual values of variables) indicating that more than 99% of the variability in conjugated dienes value could be explained by the model.
Effect of selected process variables on DPPH radical scavenging activity of curcumin fortified buffalo ghee
Inhibition process of the auto-oxidation in lipids by antioxidants is linked to the ability of antioxidants to break the radical formation reaction. Consequently, the antioxidant potential can also be estimated in systems in which the radicals are generated by chemical means (Pankaj et al. 2013) . The DPPH scavenging assay is a widely used method to primarily evaluate free radical scavenging activity. The ability to trap the DPPH radicals of curcumin fortified buffalo ghee samples ranged from 0.343 and 0.687 (Table 2 ). The maximum radical scavenging ability in the curcumin fortified buffalo ghee sample prepared in combinations with 414.77 ppm curcumin, heating at 115°C for 19 min whereas the minimum value was obtained for Table 3 indicates that at the linear level, the curcumin contents had a significant (p B 0.01) positive effect on radical scavenging activity of curcumin fortified buffalo ghee which revealed that increasing level of curcumin content showed a higher radical scavenging activity up to 350 ppm. The ability of curcumin to trap DPPH stable radical is thought to be due to its phenolic hydrogen or central methylenic hydrogen in the heptadienone moiety (Foti et al. 2016) . Jovanovic et al. (1999) studied the antioxidant mechanism of curcumin with laser flash photolysis and pulse radiolysis, and reported that in acidic and neutral conditions (pH 3-7) curcumin is an outstanding Hatom donor, donating the H-atom from the central methylenic group rather than from phenolic group. Formation of an intramolecular hydrogen bond between ortho-methoxy groups with the phenolic hydrogen of curcumin making it easier to donate H-atom to the DPPH free radical. The higher percentage of DPPH scavenging activity may be attributed to the high reducing power and higher total phenolic contents present in curcumin (Borra et al. 2013 ).
The observations are in agreement with Asouri et al. (2013) reported that the scavenging of DPPH radical is dependent on the concentration of antioxidant. He compared the DPPH scavenging potency of curcumin with ascorbic acid and concluded that the concentration-antioxidant activity profile was similar for curcumin and ascorbic acid. Eshghi et al. (2014) evaluated the antioxidant effect of different concentrations of curcumin (120, 160 and 200 ppm) at two different temperatures (25 and 55°C) under dark and light conditions during 90 days in soybean oil. Results indicated that increasing concentration of curcumin leads to significantly decreased oxidation rates. In contrast, heating temperature and duration of heating do not have any significant effect on DPPH radical scavenging activity of the curcumin fortified buffalo ghee. Zebib et al. (2010) reported that curcumin is thermally stable up to 160°C. Hence, increasing the temperature and residence time of heating had a negligible effect on the antioxidant potential of curcumin fortified buffalo ghee. Hence, acidic nature of ghee might also have helped in retention of curcumin induced antioxidant activity (Kumavat et al. 2013 ). The significant (p B 0.01) negative quadratic terms of curcumin content, heating temperature and duration of heating on the DPPH scavenging activity indicated that the lower value of this response was observed at higher and lower levels of these variables (Fig. 2) . The radical scavenging activity (DPPH activity) of curcumin fortified buffalo ghee could be predicted by the Eq. (3) given below:
Regression analysis of data presented in Table 3 revealed that the coefficient of determination (R 2 ) for the quadratic model was 0.984 indicating that more than 98% of the variability in DPPH radical scavenging activity could be explained by the model.
Numerical optimization of the Ingredients
The main aim of the optimization technique was to determine the best possible combination of the three factors that would result in a highly acceptable product with respect to overall acceptability score with lower conjugated dienes value and higher radical scavenging activity (DPPH activity). In order to optimize the process variables level, curcumin content was kept at maximum level, as it is a potential antioxidant. Clarification temperature and duration of clarification were kept in range. The solution containing 350 ppm curcumin with clarification temperature at 115°C for 17.89 (18) min yielded the highest desirability (0.966). Optimized solution was compared with t test (Table 4 ), revealed that the actual and predicted value did not differ significantly (p B 0.05) for the studied responses. Hence, the solution was found to be optimum for preparing curcumin fortified buffalo ghee.
Conclusion
Results of this study revealed that ghee with enhanced antioxidant property and overall sensorial acceptability could be prepared by incorporation of curcumin using the Actual mean ± SE (average of 3 trials) of optimized curcumin fortified buffalo ghee optimized process variables determined by use of response surface methodology. The overall acceptability, DPPH radical scavenging activity and conjugated dienes content of curcumin fortified ghee could be accurately predicted by the three factors viz., curcumin content, heat clarification temperature and duration of heat clarification. In vivo study of curcumin fortified ghee would be required to establish the health effects of curcumin fortified ghee.
